Variation in space-use patterns among free-ranging mammal populations has been an important area of study in behavioral ecology. We investigated the influence of landscape characteristics associated with landscape fragmentation and diversity on the home-range size of white-tailed deer (Odocoileus virginianus). We evaluated the relative contribution of 3 main land-cover types (forest, agriculture, and rangeland) to the composition of each home range and constructed sex-and season-specific linear regression models using landscape metrics relevant to habitat fragmentation and diversity. Both core and home-range areas were dominated by forest, agriculture, and rangeland. We found that landscape configuration metrics aimed at quantifying landscape fragmentation were good predictors of space use by white-tailed deer and that deer occupied smaller home ranges in highly fragmented areas. Our results indicate that once important cover types are present and patches are sized to meet the resource needs of the individual, configuration of those resource patches influences overall space use. These findings support the assertion that space use by white-tailed deer varies along a gradient of fragmentation.
Animal movement behavior is motivated by both internal and external stimuli and is based on the distribution and abundance of both resources and risks (Bell 1991; Nathan et al. 2008) . Animals make localized decisions about resource acquisition and risk avoidance; over time, decisions at these local scales accumulate to represent space-use patterns at larger geographic extents (Senft et al. 1987) . Because resources are seldom distributed homogeneously across the landscape, the total amount of space used by an individual is dependent, at least in part, on the composition and configuration of resources in the environment. McLoughlin et al. (2007) pointed out that relationships between fitness and nonrandom habitat utilization are fundamental to principles of general ecology and that niche theory (Hutchinson 1957; Vandermeer 1972 ) and optimal foraging theories (Charnov 1976; Fretwell and Lucas 1970) are all predicated on associations between fitness and habitat. These theories are conceptually rooted in the trade-offs between acquisition of resources and expenditure of energy, and they make predictions about an animal's residency and leaving decisions in a given habitat patch based on profitability of the patch relative to adjacent patches and distances among patches (Begon et al. 1996) . According to these theories, individuals should adjust movements to maximize abundance of high-quality resource patches, reduce energetic costs of travel among those patches, and consequently occupy the smallest area possible that contains the resources required to meet the energetic needs of the animal (Harestad and Bunnell 1979; Saïd and Servanty 2005) . Factors including sociality and predator avoidance likely complicate these predictions, but one might expect to observe individuals using smaller amounts of space where high-quality resources are compactly configured and larger areas where critical resources are more widely spaced.
Variation in space-use patterns among free-ranging mammal populations has been extensively investigated in ecological research, and differences in home-range sizes have been attributed to both endogenous and exogenous factors. Cederlund and Sand (1994) reported that variation in home-range sizes of moose (Alces alces) is likely influenced by the nutritional demands associated with differential body size between males and females (Harestad and Bunnell 1979; McNab 1963; Swihart et al. 1988 ), but also through social and reproductive activities associated with sex, age, and season. w w w . m a m m a l o g y . o r g 398 Bertrand et al. (1996) also observed influences of reproductive status and season in the reduction of home ranges of female white-tailed deer (Odocoileus virginianus) following parturition. Conversely, Tufto et al. (1996) and reported the importance of resource availability in explaining variation in size of home ranges among roe deer (Capreolus capreolus), and studies of mule deer (Odocoileus hemionus- Kie et al. 2002) , elephants (Loxodonta africana-de Beer and van Aarde 2008; Grainger et al. 2005) , and roe deer (Saïd and Servanty 2005) attributed variation in home-range size to landscape heterogeneity.
The white-tailed deer is a highly visible, abundant, and culturally and economically important species in North America. Behavioral plasticity allows individuals to occupy habitats ranging from contiguous forest (Mooty et al. 1987; Rongstad and Tester 1969; Tierson et al. 1985) to agricultural landscapes (Brinkman et al. 2004; Nixon et al. 1991; Vercauteren and Hyngstrom 1998) and highly fragmented suburban environments (Kilpatrick and Spohr 2000; Porter et al. 2004; Storm et al. 2007) . Forested landscape patches with edges bordering pastures, roads, and agricultural fields provide especially suitable habitat for deer because of the productivity and structural complexity of these environments (Alverson et al. 1988; Waller and Alverson 1997) .
Recent advances in global positioning system technology allow researchers to measure movement behavior with much greater resolution than previous studies, and in combination with behavioral theory, offer new opportunities to investigate the factors that influence animal space use. We sought to explore the concept that space use by white-tailed deer is determined by landscape structure (i.e., composition and configuration). Although other studies have explored this idea, we believe our investigation is among the 1st to apply highresolution global positioning system data in a fragmented habitat to a species with a high degree of behavioral plasticity. We predicted that the locations of home ranges would be dependent on the presence of key resources and that the size of home ranges would be dependent on the spatial arrangement of those resources. We expected that white-tailed deer would utilize areas composed primarily of forest, agriculture, and rangeland, and we hypothesized that home ranges would vary in size with the configuration of those components on the landscape.
MATERIALS AND METHODS
Study area.-The study area encompassed 8,300 km 2 in the fragmented forest-agricultural landscape of Onondaga, Cortland, Madison, and Oneida counties in central New York State. Land cover is a mix of forest (44%), agriculture (34%), and rangeland (11%) with small communities (9% developed). Forests are dominated by hardwoods, notably sugar and red maple (Acer saccharum and A. rubrum, respectively), American beech (Fagus grandifolia), white ash (Fraxinus americana), and black cherry (Prunus serotina). Conifer plantations originating in the 1930s are composed of white, red, and Scotch pine (Pinus strobus, P. resinosa, and P. sylvestris, respectively), and white and red spruce (Picea glauca and P. rubens, respectively). Agricultural crops are mostly related to dairy farming and include corn, winter wheat, oats, alfalfa, and soybeans. A rolling topography occurs throughout those portions of the study area in Onondaga, Cortland, and Madison counties; areas in Oneida County occur on glacial lake plain. The region lies to the south and east of Lake Ontario. Average temperatures are À3.98C during February and 21.78C in July. Elevations range from 93 to 652 m. Average total annual precipitation is 101 cm/year and winters are variable with heavy snow events and frequent thaws. Snowfall in the region averages 251 cm/year and ranged from 241 to 336 cm/year during our study (National Climatic Data Center 2010) .
White-tailed deer capture.-We captured deer in 2 study areas in central New York during January-April 2006 and 2007 using modified Clover traps (Clover 1956 ), rocket nets, and dart guns. Animals captured in Clover traps and rocket nets were chemically immobilized using a 2:1 intramuscular injection of 3.0 mg/kg xylazine HCl (100 mg/ml) þ 6.0 mg/ kg ketamine HCl (100 mg/ml). Darted animals received 2.0 mg/kg Telazol (Fort Dodge Animal Health, Fort Dodge, Iowa) reconstituted to 100 mg/ml with xylazine HCl (100 mg/mlAmass and Drew 2005). We classified each animal as a fawn (0-11 months), yearling (12-23 months), or adult (.24 months) using established tooth-replacement criteria (Severinghaus 1949) . We administered the neuroleptic antagonist tolazoline HCl (Tolazine, 3.0 mg/kg, Lloyd Inc., Shenandoah, Iowa) intravenously. Animals were fitted with global positioning system collars (model G2000S; Advanced Telemetry Systems, Inc., Isanti, Minnesota) that were remotely detached and retrieved after approximately 1 year. Collars were programmed prior to deployment to acquire a location every 5 h. All deer were captured and handled in accordance with protocols approved by the Institutional Animal Care and Use Committee at the State University of New York College of Environmental Science and Forestry (protocol 2005-1) . Research on live animals followed guidelines provided by the American Society of Mammalogists (Sikes et al. 2011) . A more complete description of capture and handling protocol can be found in Dechen Quinn et al. (2012) .
Data analysis.-We analyzed global positioning system locations from study animals in a geographic information system (ArcGIS 9.2-ESRI 1999-2006) using the Hawth's Tools extension (Beyer 2004) . We calculated home-range sizes using a utilization distribution function (kernel density estimation) with a bivariate normal distribution using a smoothing factor based on least-squares cross-validation for all study animals (Seaman and Powell 1996) . We generated 50% and 95% volume contours for each individual to represent core area and home-range area, respectively (Anderson 1982) . We estimated annual and seasonal home-range areas as well as annual core areas for both males and females. Seasons were divided into winter (1 January-30 April), spring-summer (1 May-30 September), and fall (1 October-31 December) to correspond to periods of snow cover, parturition and growing season, and rut, respectively. We eliminated from annual and seasonal subsets of data any individuals that were not monitored for the duration of the respective time period. The minimum number of fixes required for a home-range calculation was 50 locations (Kernohan et al. 2001) . Annual home ranges were determined with an average of 1,105 locations (SD ¼ 336.5 locations). Winter, spring-summer, and fall home ranges were determined with an average of 341 (SD ¼ 184.4), 403 (SD ¼ 152.1), and 247 (SD ¼ 88.4) locations, respectively. Estimates of core and home-range areas were logtransformed to render normally distributed residuals (Ramsey and Schafer 2002) . All statistical analyses were performed in R 2.9.0 (R Development Core Team 2009). Because the same individuals were measured in multiple seasons, we utilized a repeated-measures analysis of variance (ANOVA; a ¼ 0.05) with the assumption of sphericity to test the effects of sex and season on home-range area. We then conducted paired comparisons using a Student's t-test to evaluate withinseason variation between sexes.
We evaluated the landscape within each home range using data from the 2001 National Land Cover Database with a 30-m resolution (Homer et al. 2004) . We assumed that land-cover types were representative of important resources to deer (e.g., forage and cover). We reclassified land-cover categories to elucidate the functional differences between forage and cover, reducing 21 land-cover categories to 6 (water, developed, forest, agriculture, rangeland, and wetland) using the Anderson classification system (Anderson 1976) . We evaluated the relative contribution of each land-cover type to the composition of each home range by calculating percentage of landscape (PLAND) values in FRAGSTATS (McGarigal et al. 2002) . We also calculated 9 configuration metrics within the home-range area for each study animal using FRAGSTATS (McGarigal et al. 2002) : patch density, largest patch index, edge density, landscape shape index, contagion (CONTAG), interspersionjuxtaposition index (IJI), cohesion, patch richness density (PRD), and Shannon's diversity index (SHDI). These configuration metrics were selected a priori because they reflected aspects of landscape fragmentation and patch diversity (Dewan et al. 2012; McGarigal et al. 2002) . To avoid multicolinearity, we generated a Pearson's correlation matrix for all landscape configuration metrics and eliminated largest patch index, cohesion, and largest shape index (jrj ! 0.60) because they were highly correlated with several other variables. We explored the structure of the variance among remaining configuration metrics using principal component analysis to ordinate data and reduce superfluous variables. We followed variable rejection methods outlined in Joliffe (1972) and retained components with an eigenvalue . 1.0 using the latent root criterion (McGarigal et al. 2000) . These components explained 90% of the cumulative proportion of variance.
We observed the highest loading scores among CONTAG, IJI, SHDI, and PRD, and selected these landscape metrics for use in linear regression models. CONTAG measures the degree to which patch types are aggregated or clumped together.
Landscapes with few large, contiguous patches are represented by high CONTAG values, whereas landscapes with many small, dispersed patches are represented by low CONTAG values (McGarigal et al. 2002) . IJI explores the adjacency of a given patch type to all other patch types on the landscape. When patch types are well mixed on the landscape (highly interspersed), IJI values will be high. When a patch type is adjacent to few other patch types and is not well mixed on the landscape, IJI values will be low (McGarigal et al. 2002) . SHDI is a measure of proportional diversity on the landscape and increases from 0 without limit as number and proportional distribution of area of patch types becomes equitable (McGarigal et al. 2002) . PRD is an index of richness, or number of patches, standardized by area and reflects the number of patches per 100 ha (McGarigal 2002) .
We then evaluated a series of candidate linear regression models using Akaike's information criterion for small sample sizes (AIC c ) and used model averaging when the weight of evidence supported more than 1 top model (i.e., values were within 2 AIC c of the top model- Burnham and Anderson 2002) . Regression coefficients were calculated 1st, and then standardized by multiplying the unstandardized variables by the ratio between the standard deviation of each independent variable and the standard deviation of the dependent variable (Bring 1993) to evaluate proportional contribution of explanatory power for each parameter. We validated the best regression model(s) relating home-range area of all deer annually and seasonally to landscape configuration metrics using leave-one-out cross-validation. Iteratively, 1 individual at a time was withheld and the remaining animals in the data set were used to train the regression model. We then attempted to predict total home-range area of the withheld study animal using the parameter estimates in the regression model generated from the training set. Model performance was evaluated by comparing observed and expected home-range values using linear regression, chi-square goodness-of-fit test, and rank correlation (Johnson et al. 2006) .
RESULTS
We collected global positioning system data from 71 deer tagged during the winters of 2006 and 2007. We removed deer with home-range overlap .50% to avoid issues associated with pseudoreplication. We also censored data by removing deer with ,30 days of locations and by removing the first 14 days of data postcapture for all remaining animals to avoid behavioral biases associated with capture . We included in our analyses 58 white-tailed deer (25 adult females, 7 adult males, 12 juvenile females, and 14 juvenile males). Collars were deployed on animals for an average of 254 days (range ¼ 120-547 days). Twenty-four deer (22 females and 2 males) were monitored for an entire year; these animals were included in the annual data set. Total number of animals included in each seasonal data set varied, because study animals experienced mortalities relating to vehicle collisions and hunter harvest (winter: 33 females and 17 males; spring-summer: 32 females and 15 males; fall: 26 females and 5 males).
Global positioning system collars recorded a positional location during 86% of attempts. Mean positional error of global positioning system locations associated with deployed collars was 5.3 m (SD ¼ 5.3 m- Williams et al. 2012) . In an investigation of positional accuracy and habitat bias associated with acquisition error, Williams et al. (2012) Habitat composition of annual core and home-range areas was similar for all deer and contained 3 primary cover classes: forest (core: 54.2%, total home range: 53.7%), agriculture (core: 28.1%, total home range: 29.6%), and rangeland (core: 14.2%, total home range: 12.1%). We generated 15 candidate linear models (Table 1) to evaluate the influence of selected landscape configuration metrics on both core and home-range areas. Model 13, which contained CONTAG, PRD, and SHDI, was ranked as the top model (x ¼ 0.70) in explaining variation in annual core areas. However, model 15, containing all landscape configuration variables, was a competing model (x ¼ 0.26) with AIC c values 2.0 from the top model. Modelaveraged parameter estimates indicated that smaller core areas were characterized by low patch aggregation and low patch interspersion; smaller core areas also exhibited higher patch richness but lower proportional diversity (Table 2) . That is, within smaller core areas, patches of a given land-cover type were small and fragmented, but adjacent to only a few other cover types. Additionally, more patch types per unit area were included in smaller core areas, but they were represented disproportionally. Standardized parameter coefficients (Table  2) indicated that PRD and SHDI were primary influences in explaining core area size, whereas IJI contributed relatively little explanatory power.
Annual home-range area also was best explained by model 13 (x ¼ 0.612), with model 15 as a competing model (x ¼ 0.345). Smaller home ranges were characterized by low patch aggregation, higher PRD, and lower proportional diversity. Patch interspersion was higher among smaller total home-range areas ( Table 2 ), indicating that patch types were evenly distributed and well mixed within smaller home ranges. However, standardized parameter estimates indicated that IJI contributed least in explaining variation in the model (Table 2) .
Models for females in each season, as well as for males in winter and spring-summer, reflected individual parameters similar to those in the model for annual home-range area for all deer, although weight of evidence scores differed among subsets. The global model (model 15) performed best for females in winter (x ¼ 0.834) and fall (x ¼ 0.835). We observed the highest weight for model 13 for females in spring-summer (x ¼ 0.578), but the global model also was a competing model (x ¼ 0.419). Among males, model 13 yielded the highest weight in winter (x ¼ 0.717) and spring-summer (x ¼ 0.458), but model 15 was a competing model in both seasons (winter: x ¼ 0.282; spring-summer: x ¼ 0.204). We were unable to evaluate the influence of landscape configuration on space use by males during the fall due to insufficient sample size.
Model validation confirmed good fit between observed and predicted home-range sizes. Observed and predicted homerange areas were highly correlated in all seasons and chi-square tests indicated no significant differences between observed and predicted space use during any season. In linear regression models of observed versus predicted home-range areas, we observed R 2 -values ranging from 0.744 to 0.891. Annual, winter, and fall models reported intercepts that were not significantly different from 0. However, only the winter and TABLE 1.-Candidate set of linear regression models relating core and home-range areas of white-tailed deer in central New York (2006 York ( -2008 to landscape configuration metrics: contagion (CONTAG), interspersion-juxtaposition index (IJI), patch richness density (PRD), and Shannon's diversity index (SHDI). The candidate set of models was run on each subset of data (males and females in winter, springsummer, and fall) and model performance was evaluated using Akaike's information criterion for small sample sizes (AIC c ).
Model
Model description
Model 1 log(area)~CONTAG Model 2 log(area)~IJI Model 3 log(area)~PRD Model 4 log(area)~CONTAG þ IJI Model 5 log(area)~SHDI Model 6 log(area
annual models revealed slopes that were not significantly different from 1 (Table 3 ; Fig. 1 ).
DISCUSSION
As we expected, home ranges of white-tailed deer in a fragmented forest-agricultural matrix were composed of a mixture of forest, agriculture, and rangeland land-cover types. We hypothesized that these primary cover types would influence the space used by white-tailed deer such that homerange area would vary in size with the configuration of those components on the landscape. We documented that proportions of these compositional elements were consistent seasonally and across a range of home-range areas for both males and females. However, landscape configuration metrics aimed at quantifying landscape fragmentation and diversity differed with homerange sizes and were good predictors of space use by deer.
Once important cover types (forest, agriculture, and rangeland) are present and patches are significantly sized to meet the resource needs of the individual, we hypothesized that configuration of those resource patches would influence overall space use. Other studies have suggested that among species with a range of metabolic, social, and cover requirements such as white-tailed deer, foraging behavior is likely most efficient in transition areas between patch types that serve as important resources for animals (Anderson et al. 2005; de Beer and van Aarde 2008; Fagan et al. 1999; . Consequently, we predicted that in landscapes where different necessary cover types are farther apart due to high aggregation of patch types or the lack of adjacency to other TABLE 2.-Parameter estimates (b i s) and standard errors (SEs) for the linear model(s) relating landscape configuration metrics to core and home-range areas: contagion (CONTAG), interspersion-juxtaposition index (IJI), patch richness density (PRD), and Shannon's diversity index (SHDI). Standardized parameter estimates (Std b i ) also are reported so that effect sizes of parameter estimates can be compared. Annual and spring-summer models, as well as models for males during winter, contained model-averaged parameters (b j ). Standard errors are reported as weighted unconditional SEs for model-averaged parameters. Models are presented for core areas and annual home ranges for all individuals, as well as sex-specific models for seasonal home ranges. essential patch types, animals must cover more area to obtain the resources they need. Where patches are smaller and highly interspersed, animals should be able to meet resource requirements with minimal travel costs. Our evaluations showed that common measures of patch arrangement (CONTAG, IJI, PRD, and SHDI) explained much of the variance in home-range size. CONTAG measures the aggregation of different patch types within a landscape. As landscapes become more fragmented, contiguous patches are broken into smaller patches, yielding a smaller CONTAG value for the landscape. In our analyses, CONTAG was positively related with both core and home-range areas, indicating that animals used more space in areas with high CONTAG values (i.e., where landscape patches were highly aggregated). As a complement to CONTAG, IJI provides a measure of adjacency of different types of patches within a landscape. We observed that IJI was positively related with core-area size, indicating that animals occupied smaller core areas in landscapes where unique patches were adjacent to only a few different patch types. However, IJI was negatively related with home-range size, suggesting that animals occupied smaller home ranges in landscapes where unique patches were adjacent to many different patch types. It is possible, given these results, that the core area, which functions as a primary use area, is determined by principles of optimal foraging. Finescale heterogeneity of highly suitable habitat surrounding a core area (e.g., agricultural crop rotation and harvest schedules, and temporal changes in tannin content of vegetation) might allow deer to make secondary use of a larger area without significant reduction in foraging efficiency.
Patch richness density and SHDI were ranked among the most influential parameters in all models based on standardized parameter coefficients. PRD provides a measure of the total number of unique patches standardized by landscape area. It was negatively related with both core and home-range areas, suggesting that animals use less space in areas of greater patch richness per unit area. As expected, larger home-range sizes were associated with lower values for PRD because once all land-cover types are included in the space used by deer, the density of patch richness necessarily declines with the size of the area. This supports our expectation that animals require most of the patch types we defined, and so all home ranges will include them, regardless of how much space animals have to occupy to obtain them. In concert with PRD, SHDI provides additional information about the evenness of the relative size and quantity of patch types. SHDI was positively related with core area and home-range size, suggesting that animals occupy less space in areas where different patch types were not equitably represented.
In general, patterns of space use were consistent across sex and age classes, but we observed differences between males and females during some seasons. Home ranges for both sexes were smallest in spring-summer, and female spring-summer ranges were smaller than male ranges. This might be explained by the substantial physiological requirements of females in late spring and early summer associated with parturition and lactation (Clutton-Brock et al. 1988; Nelson and Mech 1999) , as well as the parental behaviors exhibited by maternal females (Bowyer 2004) . Although females might be restricted by the energetic expense of rearing offspring, the abundance of new vegetation likely requires less movement by all deer in order to obtain necessary resources. We expected to find that males occupied more space than females during fall when males are avoiding hunters (Van Etten et al. 1965 ) and entering rut, competing for mates, and tending females (Beier and McCullough 1990; Mathews and Porter 1993; Nixon et al. 1991) . However, because of the small sample size of males in our fall data set, we did not have the power to elucidate these differences.
Winter home ranges also did not differ significantly between males and females, which might be due to the broadscale effects of climate on space use. Lesage et al. (2000) reported that space use by ungulates in temperate and northern environments could vary with local conditions. Indeed, we observed that deer in our study area made repeated, shortdistance (1-3 km) movements only during the most severe winter months. These movements were not necessarily unidirectional; some individuals moved back and forth between summer range and the most distant points during times of heavy snowfall, which further demonstrates behavioral plasticity of deer in this region.
Relationships between landscape configuration and homerange area were strong and predictable in this study, as evidenced by the model validation results. Landscape configuration accurately predicted winter home-range size, perhaps due to the strong heterogeneity of food and cover resources on the landscape during winter. Although forest provides necessary cover for deer in winter (Hurst and Porter 2008) , TABLE 3.-Determination (using rank correlation, goodness of fit, and regression) of model accuracy in using landscape metrics to predict annual and seasonal space used by white-tailed deer based on leave-one-out cross-validation. Landscape metrics include contagion (CONTAG), interspersion-juxtaposition index (IJI), patch richness density (PRD), and Shannon's diversity index (SHDI). (Worden and Pekins 1995) . Conversely, waste grain from agriculture and forbs and shrubs found in rangeland cover types might provide important food resources during winter (Weckerly and Nelson 1990) . Thus, deer might be responding more strongly to landscape configuration during winter than at other times of year. During spring-summer and fall, forest, agriculture, and rangeland might provide both food and cover resources for deer. The functional homogeneity of these cover types during the growing and harvesting seasons suggests that deer might need to occupy less space during spring-summer and fall to obtain sufficient resources. Consequently, although our spring-summer and fall models accurately predicted small patterns of space use, larger home ranges were underpredicted during springsummer and overpredicted during fall. The reduction in model accuracy for these seasonal models might indicate that deer are responding to other resource needs that are not adequately captured by our land-cover types. Underestimation of springsummer home ranges was influenced by 2 juvenile females that dispersed in late June; these dispersal events inflated homerange area for each individual and likely coincided with fawning events (Nelson and Mech 1992) , but also could have occurred in response to orphaning (Etter et al. 1995) .
Fall home ranges were accurately predicted when space use was small, but our models overestimated space use when home ranges were larger than 2.5 km 2 . Human activity (i.e., harvest) and hunting pressure could exert significant influence on deer during fall, and it is possible that they might use the landscape differently during this time of year. For example, our models predicted that deer will occupy more space when land-cover types are clumped together in large, contiguous patches. However, deer might seek refuge in large patches of forest and minimize movements during the hunting season in response to human activity (Vercauteren and Hyngstrom 1998) . Social dynamics associated with rut also could influence space use in ways not anticipated by our models. Holzenbein and Schwede (1989) observed a decrease in movements during rut and postrut among female white-tailed deer. Labisky and Fritzen (1998) reported that females in populations with large numbers of breeding males might employ a sit-and-wait mating strategy, FIG. 1.-Observed versus predicted home-range area for all deer A) annually and during B) winter, C) spring-summer, and D) fall generated from leave-one-out cross-validation. Predicted values for each site were obtained by generating the best linear regression model(s) on the corresponding training set and calculating expected home-range areas using regression model parameters.
whereas females in low-density populations might increase movements while searching for suitable mates.
The relationships between landscape structure and space use by white-tailed deer elucidated in our study reflect the response by deer to the structure of the landscape. The consistency of compositional elements within home ranges suggests that such elements are important resources for deer. The arrangement of those compositional elements consequently determines the amount of space an animal needs to occupy to obtain the resources it needs. The impact of configuration on space use is evident when we compare our findings to studies of deer across a wider range of cover-type fragmentation. For instance, whitetailed deer in the contiguous forest of the northeastern United States occupy large annual home ranges (.3.0 km 2 ) that encompass average seasonal migrations between summer and wintering areas (Smith 2009; Tierson et al. 1985) . Conversely, deer in highly fragmented, suburban and exurban environments occupy annual home-range areas of ,0.50 km 2 (Porter et al. 2004; Storm et al. 2007) . In this way, white-tailed deer appear to adjust space use across a wide geographic range based on the composition and spatial structure of important resources within the local landscape.
